Abstract. Fifteen children who sustained traumatic spinal cord injury in British Columbia over a 1 3 -year period have been reviewed. The aetiology, incidence of spinal fracture, length of hospitalisation and subsequent spinal surgery, and their self-care, transfer and ambulatory abilities, bowel and bladder management, schooling, employment and place of abode have been determined.
Introduction
SPINAL cord trauma in children below the age of 13 is uncommon compared with the incidence in teenagers and adults. Whilst pedestrian and passenger accidents are common, children are not exposed to driving a motor vehicle, or industrial accidents. Burke (1971 Burke ( , 1974 and Cheshire (1977) reported a low incidence of spinal fractures in paediatric spinal cord trauma, due to hyperflexion or hyperextension injury. Little is known of the pathological changes to the vertebral column and spinal cord due to the scarcity of material and published autopsies (Burke, 1971 (Burke, , 1974 Glasauer & Cares, 1972; Cheshire, 1977) . Complications following spinal cord injuries in children are similar to those seen in adults, but their severity and incidence differ. Post-traumatic spinal deformity, kyphoscoliosis, is relatively common in young children and rare in adults (Burke, 1976) . Guttmann (1969) first drew attention to the danger of laminectomy increasing the risk of spinal deformity.
The life expectancy of children with traumatic quadriplegia or paraplegia is still uncertain since most children have been treated in a variety of centres or hospitals, and the few reported surveys have only been able to assemble low numbers of cases. Literature is sparse on the level of independence these children achieve.
Method
A survey was carried out on the children in British Columbia (B.e.) injured below the age of 13, to determine the causes, incidence of spinatfracture, length of stay in hospital, and subsequent spinal surgery. Their currefit status was also reviewed including self-care, transfer and ambulatory abilities, bowel and bladder management, schooling, employment and place of abode. Spinal scoliosis and urinary tract deterioration were especially looked for.
This review encompassed children who had sustained traumatic spinal cord injury from 31 December 1964 to 31 December 1977. The cases were obtained from the Health Surveillance Registry of B.e., and the Medical Record Depart-ment of the G. F. Strong Rehabilitation Centre, and Sunny Hill Hospital for Children.
Until an Acute Spinal Cord Injury Unit was opened in Vancouver, B.c., in 1975, initial treatment was carried out in a variety of hospitals throughout the province. Cases were then usually referred to the G. F. Strong Rehabilitation Centre.
Fifteen patients were contacted. Eleven had been under the care of one of us (L. G. A.) during most of their lives. This probably represents all of the cases in B.C. during this period other than one or two who may not have been reported to the Registry.
In some cases, 13 years had elapsed since the onset. Children with paralysis due to birth injuries were excluded. Penetrating injuries due to gunshot wounds were included. Each patient's chart was reviewed and a questionnaire was completed by personal or telephone contact with the patient and/or one of their parents.
The questionnaire was specific and based on the following definitions:
I. Continence of urine-not more than two accidents per month. 2. Continence of faeces-not more than two accidents per month. 3. Wheelchair case-complete dependence on a wheelchair. 4. Ambulatory-this included using a wheelchair but not more than twice per month. 5. Exercise standers or walkers-those who were wheelchair/partially 'am bulatory', not falling into the above two definitions. 6. Self-care complete-this included those unable to do one item of self care. If the patient was unable to perform two or more items, his self-care was classified as incomplete.
Results
Age and sex. There were II children below 10 years of age at the time of injury, and four over 10 years (Table I) . Of these, nine were boys and six were girls.
Aetiology. The commonest cause was a motor vehicle accident (Table II) . The patients included both passengers and pedestrians. Two of the latter were riding Neurological level. Eleven cases were spastic and four were flaccid. In the flaccid patients the lesion was at TIO or below. Thirteen patients had complete and two had incomplete lesions (Table III) .
Radiological findings. There was a crush fracture of a vertebral body in four patients. These included all three cord injuries due to a heavy object falling on the back. Three patients had a fracture dislocation. There were no radiological findings in seven patients. No patients had had tomography.
Associated injuries. These were predominantly bony fractures mainly in the limbs and ribs, visceral injuries to the kidneys and lungs, and head injuries. All of five patients with a head injury (Table IV) had been unconscious from I hour to 7 days. Fractures independent of the spinal column were sometimes multiple.
Survival. All IS patients were alive. Four had survived more than 10 years from the date of the accident (Table V) .
Operation at the time of injury. There was no operative intervention in 12 patients (Table VI) . In the three who underwent surgery, two had a decompression laminectomy (one with a fracture dislocation of L3 on 4, and the other had a complete block at T3 and avulsion of the T3 nerve roots at myelography). In one case with fracture dislocation of TI I on 12, spinal fusion was performed.
Hospitalisation. Four cases were admitted for more than I year (Table VII) . The majority of patients stayed for 6 to 12 months. These periods included time spent in both an acute and a rehabilitation hospital.
Dressing ability. Thirteen children were totally independent in dressing activities. Of the two who were still dependent, one was aged 8 and had a neurological level at T 4 and the other was aged II and had a level at TI.
Transfers. Three patients aged 7, 8 and 10 still required help with bed, toilet and bath transfers. Their injuries were at C8, T 4 and T 4 respectively. Two children aged II and 15 with injuries at TI and T3 needed help with toilet and bath transfers. Nine were totally independent (Table VIII) . One patient aged 5, injured at TIO, managed the bed and bath but, surprisingly, needed help on and off the toilet.
Ambulation. Only one patient was ambulatory, relying on one cane (Table IX) ; he had a cauda equina lesion. Eight patients with lesions from C8 to TI2 were exercise 'walkers', and all of these required above-knee braces and a walker or crutches. One additionally had a Harris type trunk support. The six cases totally confined to a wheelchair had neurological lesions from TI to TI I and five of them were over 12 years of age.
Urinary tract status. Two patients with a TIl and a cauda equina injury were continent of urine (Table X) . One girl relied on a diaper and applied this herself. Seven males required a condom and collecting bag, and two of these, aged 5 and 7, were dependent in managing the collecting apparatus. Two patients were on an intermittent catheterisation regime and managed this independently. Two had an indwelling catheter, which they changed themselves. One girl aged 22 had an ileal loop bladder. Despite her age, a visiting nurse applied the col lecting apparatus for her alternate weeks. Intravenous pyelograms had been carried out on 9 patients in the last 12 months (Table XI) . The patient who had not had a pyelogram for over 5 years had a cauda equina lesion. He was continent and did not require any collecting apparatus. Of 14 patients with normal pyelograms, four had survived more than 10 years. One patient, II years, 7 months after injury had bilateral hydronephrosis and hydro-ureters. His urea nitrogen and serum creatinine were normal.
Bowel status. Ten patients had bowel continence. Seven of these used digital stimulation of the anus to initiate a motion and three additionally used a laxative or stool softener. Five were still having more than two accidents a month despite digital stimulation. Their ages ranged from 5 years, 3 months to I I years, 6 months.
Schooling and employment. Seven of 12 patients receiving schooling were in the expected grade for their chronological age. Eight patients were attending a regular school (Table XII) . Three had completed grade 9 and had left school.
Of four patients over the age of 16, three were working, two of them part-time and one full-time. These three patients were also driving a car. One patient was still receiving full-time schooling.
Accommodation. Ten patients were still living with their parents and two with foster parents. Three over 20 years of age were living independently. No children were in an institution.
Spinal deformity. Eleven of 15 patients developed kyphoscoliosis. Two had flaccid, and nine had spastic lesions. The scoliosis was classified as mild or moderate in six patients and severe (a curvature of greater than 45°) in five. In eight of the scoliotic patients the lesion was at T 4 or above. Three of the five patients with severe scoliosis had surgery at the time of injury. Two with a T3 and a cauda equina injury had decompression laminectomies, and in a TI2 patient spinal fusion had been carried out.
The subsequent surgery and the time this was performed following injury is shown in Table XIII. The interval was from 2 months to 10 years. Cases with moderate scoliosis were treated conservatively with a fibre-glass moulded jacket or a trunk brace.
I.
2. The incidence of spinal cord injury in children has been reported as 3'3 per cent, 2'S per cent and S per cent (Forni, 1947; Gelehrter, 19S7; Gehrig & Michaelis, 1968) of all spinal cord injuries. Melzak (1969) recorded 29 children with traumatic spinal cord lesions out of a total of 4470 patients with spinal cord lesions, but some of these were non traumatic. Burke (1976) Of 29 patients that Melzak (1969) reported, no fracture of the vertebral column was detected in 16. Audic and Maury (1969) stated that in 21 children under the age of 16 with traumatic injury to the spine 'very often' no fracture was detected. Burke (1971) reported normal X-rays in four of seven patients with spinal cord injury under age 13, and in a survey of a different group of patients in 1974, 12 of 24 had normal X-rays. Cheshire (1977) described three cases of traumatic myelopathy without demonstrable vertebral injury and assembled a total of 13 from the literature. He considered the injury to be due to either hyperfiexion or hyperextension mechanisms. Seven of our IS patients (47 per cent) had no radiological evidence of spinal fracture or fracture dislocation cor responding with these previous studies. Tomography at the time of injury might have shown more fractures. Injuries other than spinal were common and 10 patients sustained IS non-spinal fractures.
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The neurological lesion was thoracic in 13 of IS patients (87 per cent), and at T 4 or above in nine. The predilection for the upper thoracic region may be due to tethering of the spinal cord by the cervical and lumbar plexuses, and infarction of long segments of the spinal cord may result from traction on the blood supply of the spinal artery (Burke, 1976) . Cheshire (1977) also hypo thesised that longitudinal stretching is likely to be a major force in the patho geneses of spinal cord injuries in children, which are not associated with evidence of skeletal injury. A high proportion of complete cord lesion (in our survey, 13 out of 15 cases, 87 per cent) compared with adults could possibly be explained on the greater elasticity of the young vertebral column, and thus a relatively greater force is required to injure the spinal cord, causing more severe damage (Burke, 1976) .
As might be anticipated, motor vehicle accidents were a major cause of injury. It would appear that 'pedestrian' children are at greater risk (7 of IS-47 per cent) .. No sporting injuries were noted in our series.
The time spent in hospitals for the first admission was greater than I year in four cases. The length of hospitalisation must have a serious impact on the child and his family. Many of these children require re-admission, especially for skin ulceration and spinal surgery. Guttmann (1969) first drew attention to the risk of increasing spinal deformity by laminectomy, in which part of the important posterior supporting elements of the vertebrae were removed as well as further damage caused to the posterior ligamentous and muscular structures between the vertebrae. Morgan et ai. (1971) concurred that laminectomy was one factor leading to spinal deformity and con tributing to its progression. All three of our patients who underwent early post injury spinal surgery developed severe scoliosis and in two of these cases lamin ectomy had been carried out. Five of 15 (33 per cent) of our patients developed severe scoliosis. Four of these required Harrington instrumentation and two of these also had a simultaneous Dwyer procedure. All of our cases had early mobilisation. We feel getting the patient into the sitting or standing position too rapidly after initial injury may be another factor in the development of subsequent kyphoscoliosis.
In this series, most children (13 of 15) were independent in dressing and un dressing. Nine of 15 (60 per cent) were totally independent in all transfers. One child dependent for toilet transfers was only aged 5 . Surprisingly, he could manage a bed and bath transfer. The other five children who were dependent for transfers, all had lesions at T 4 or above. Twelve of 15 patients (80 per cent) were continent of urine and able to manage their collecting apparatus, and 10 of 15 (66 per cent) had bowel continence. The two males who could not manage their own condom and collecting bag were aged only 5 and 7. One female, aged 22, had to have a visiting nurse change her ileal bladder collecting bag alternate weeks.
Only one patient walked independently and he had a cauda equina lesion. Eight of 15 patients enjoyed exercise 'walking', and bracing these children for this purpose alone was considered worth while, despite the fact that over the age of 12 most children will be totally confined to a wheelchair.
Seven of 12 (58 per cent) children receiving schooling were at their expected grade level. Those below had fallen behind because of repeated hospitalisation for skin ulceration and surgery and/or because of psycho-social factors in their homes. Only three patients required special schooling and all of these patients had gross psycho-social problems which would have precluded attending any regular school setting. All children below age 20 at the time of this survey were living with their parents or in a foster home. None had ever been institutionalised. The employment prospect seemed very good with three of four of our children over the age of 16 in some type of remunerative employment and all three were driving their own cars.
The prognosis for these children is unknown. Burke (1974) reported that five of six patients who had survived 10 to 18 years had pyelographic evidence of renal damage. Four of our cases had survived 10 to 13 years. Only one of these had intravenous pyelographic evidence of hydronephrosis. All of our cases with less than 10 years' survival had normal intravenous pyelograms. It seems likely that chronic pyelonephritis and hydronephrosis will limit the life span of at least some of these children (Burke, 1976) .
Summary
Fifteen patients with traumatic spinal cord injury below the age of 13 were studied to determine the aetiology, length of initial hospitalisation, incidence of spinal fracture and scoliosis, and subsequent spinal surgery. Their current status, including self-care, transfer and ambulatory abilities, bowel and bladder manage ment, schooling, employment and place of abode was also reviewed.
The incidence was at least 1·7 per cent. In 87 per cent of patients the lesion was at T 4 or above. Paralysis was complete in 87 per cent. No bony injury was recorded in 47 per cent. A great number of 'pedestrian' accidents occurred (7 of 15-47 per cent). Most children were independent in self-care and 66 per cent could transfer independently. Only one patient was a functional walker, although 8 of 15 enjoyed exercise 'walking'.
Seventy-three per cent were continent of urine or independent in managing their collecting apparatus and 66 per cent had bowel continence. Fifty-eight per cent of children receiving schooling were in the correct grade for their chrono logical age and only three required a special school. No children had been institu tionalised. Three of four over the age of 16 were in remunerative employment and driving their own cars.
Thirty-three per cent required surgery for severe spinal scoliosis. Two patients who had early post-injury laminectomies developed severe scoliosis and required subsequent surgical spinal stabilisation.
Four patients had survived more than 10 years. Only one patient showed intravenous pyelographic evidence of hydronephrosis and hydro-ureters.
RESUME
Nous avons etudie les dossiers de quinze patients qui ont subi une traumatisme de la moelle epiniere, tous ces patients ages de moins de treize ans, afin de determiner, l'etiologie de la traumatisme, la duree d'hospitilisation, la frequence des fractures de la colonne vertebrale associes, et de la scoliose, ainsi que la frequence de la chirurgie vertebrale post traumatique.
Aussi, nous avons determine si ces patients etaient independent en faisant leurs soins personnels, leurs capacites ambulatoires, et leurs abilites de pouvoir transferer, et sils etaient independent en controllant leurs selles et leurs urines. Nous avons aussi etudie leur vie scolaire, leur capacite de travailler et leur habitation. 
